REMARKS 

In view of the above amendments and the following remarks, reconsideration of the 
objection and rejections set forth in the Office Action of June 21, 2007 is respectfully requested. 

In the outstanding Office Action, the Examiner requested the Applicant's cooperation in 
reviewing and correcting any errors in the specification. In view of the Examiner's request, the 
entire specification and abstract have now been reviewed and revised. As the revisions are quite 
extensive, the amendments to the specification and abstract have been incorporated into the 
attached substitute specification and abstract. For the Examiner's benefit, a marked-up copy of 
the specification indicating the changes made thereto is also enclosed. No new matter has been 
added by the revisions. Entry of the substitute specification is thus respectfully requested. 

The Examiner objected to claims 2 and 6 because it was not clear from those claims 
whether the Applicant intended to claim the "pockets" recited in the claims, or just the holding 
details. In view of these objections, and in order to place the original claims in a preferred form 
and sequence according to US practice, the original claims have now been cancelled and replaced 
with new claims 21-40. All of the new claims have been drafted so as to address the Examiner's 
objections, and so as to fully comply with all of the formal requirements of 35 USC § 1 12. As a 
result, it is respectfully submitted that the Examiner's objections have been overcome. 

The Examiner rejected original claims 1-6, 12, 13, 15-18, and 20 as being anticipated by 
the Howarth reference (USP 6,438,242); rejected claims 1, 2, 6, and 17 as being anticipated by 
the Cragg reference (USP 4,186,323); and rejected claims 7-10, 11, 14, and 19 as being 
unpatentable over the Howarth reference. However, the original claims have now been cancelled 
and replaced with new claims 21-40, including new independent claim 21. For the reasons 
discussed below, it is respectfully submitted that the new claims are clearly patentable over the 
prior art of record. 

New independent claim 21 is directed to a sensor unit with several features not taught or 
even suggested in the prior art. In particular, the sensor unit comprises a piezoelectric foil strip 
defining a sensor element, flat support parts for holding only opposite ends of the piezoelectric 
strip, and an engagement strip for engaging the surface of a body to receive vibrations therefrom. 
The engagement strip is held in the support part so as to extend in a curved manner along the 
piezoelectric strip and define a space between the piezoelectric strip and the engagement strip. 
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In the outstanding Office Action, the Examiner asserted that the Howarth reference and 
the Cragg reference each discloses a piezoelectric sensor unit including a piezoelectric foil strip 
as a sensor element. In this regard, it is noted that Webster's Collegiate Dictionary defines 
"strip" as "a long narrow piece of material," and the piezoelectric foil strip of the present 
invention is clearly illustrated in Figures 1-4 as such a long narrow piece of material (see item 1). 

The Howarth reference teaches cymbal -type acoustic elements 15 including a top piece 14 
and bottom piece 16 which sandwich an electroacoustic component 18, as illustrated in Figure 1. 
As clearly illustrated in the planar sectional view of Figure 2 (note the relationship between 
Figures 2 and Figure 1 as indicated by the arrows in Figures 1 and 2), the cymbal-type acoustic 
elements 15, as well as the electroacoustic component 18 therein, are each disc-shaped (i.e., 
circular), rather than strips. Thus, it appears that the Examiner has misinterpreted Figures 1, 3, 
and 4 as illustrating "strips" 18. However, these are simply side elevation views of the disc- 
shaped (i.e., circular) electroacoustic components 18 illustrated in Figure 2. Thus, Howarth 
reference does not teach or suggest a piezoelectric strip (long narrow piece of material) as recited 
in independent claim 21. 

Furthermore, the Howarth reference also does not teach or suggest any support parts for 
holding the piezoelectric strip. Although the Examiner referred to Figure 4 in this regard, the 
Examiner did not explain how Figure 4 teaches support parts. Moreover, as noted above, the 
cymbal-type acoustic elements 15 (including top piece 14 and bottom piece 16) are disc-shaped 
and contact the electroacoustic component 1 8 around the entire perimeter thereof. Therefore, the 
Howarth also does not teach or suggest any support parts for holding only opposite ends of a 
piezoelectric strip (in fact, the disc-shaped electroacoustic component 18 does not even have 
"ends"). 

Further still, the Howarth reference also clearly does not teach or even suggest an 
engagement strip for engaging a surface of a body to receive vibrations therefrom. Although the 
Howarth reference teaches top piece 14 and bottom piece 16, these components are not strips. 
Moreover, they do not engage a surface of a body to receive vibrations therefrom. Instead, the 
acoustic panel of the Howarth reference simply receives vibrations though the air, rather than 
through engagment. 

As noted above, the Howarth reference does not teach or even suggest a piezoelectric foil 
strip, flat support parts, any type of support part that holds only opposite ends of the piezoelectric 
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strip, or an engagement strip for engaging the surface of a body. Therefore, it is submitted that 
the Howarth reference clearly does not anticipate the sensor unit of new independent claim 21. 
Moreover, because the Howarth reference does not even suggest any of the above components, it 
is submitted that the Howarth reference also does not render independent claim 21 obvious. 

The Cragg reference discloses a piezoelectric transducer including piezoelectric 
diaphragms 13,14, and annular baffle members 1 1,12 for clamping together the outer 
circumferential edges of the piezoelectric diaphragms 13,14 (see column 2, lines 4-7 of the Cragg 
reference). The plan view of Figure 7 (although illustrating a different embodiment) clearly 
illustrates the typical circular shape of the diaphragms and the baffle members of the Cragg 
reference, rather than long narrow-shaped members. Therefore, it is submitted that the Cragg 
reference does not teach or even suggest a piezoelectric foil strip, or an engagement strip, in view 
of the above-discussed clear meaning of the term "strip." 

In addition, as noted above, the baffle members clamp the entire periphery of the 
diaphragms so as to trap fibrous material between the diaphragms (see column 2, lines 7-1 1 of 
the Cragg reference). Thus, the Cragg reference also clearly does not teach support parts for 
holding only opposite ends of a piezoelectric strip. In fact, due to the circular shape of the 
diaphragms 13,14 of the Cragg reference, the diaphragms do not even have opposite ends. 

The sensor unit of independent claim 21 also recites an engagement strip for engaging the 
surface of a body to receive vibrations therefrom. In contrast, the Cragg reference discloses a 
transducer which does not engage another body, but instead receives vibrations transmitted 
through the air. 

As explained above, the Cragg reference does not teach or even suggest a piezoelectric 
foil strip or an engagement strip, support parts for holding only opposite ends of a piezoelectric 
strip, or an engagement strip for engaging a surface of a body to receive vibrations therefrom. 
Therefore, the Cragg reference clearly does not anticipate independent claim 21. Furthermore, 
because the Cragg reference also does not even suggest any of the features noted above, it is 
submitted that the Cragg reference also does not even render obvious independent claim 21. 

As noted above, neither the Howarth reference nor the Cragg reference teach or suggest 
all of the elements of new independent claim 21 . In fact, neither of these references teach or 
suggest a piezoelectric strip, an engagement strip, or a supporting part for holding only opposite 
ends of the piezo electric strip. Furthermore, although both the Howarth reference and the Cragg 
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reference teach transducers for receiving vibrations through the air, neither of these references 
teach or suggest an engagement strip for engaging the surface of a body to receive vibrations 
therefrom. Consequently, it is respectfully submitted that independent claim 21 is clearly 
patentable over the prior art of record. 

The Applicant also notes that the Examiner took Official Notice that it would be well 
known in the art to replace the air filling the cavity of the sensor unit of the present invention 
with another material "as necessitated by the specific requirements of a particular application." 
However, the Applicant respectfully disagrees with the Examiner. In particular, as noted above, 
the supporting parts hold only opposite ends of the piezoelectric strip. Thus, the sides of the 
piezoelectric strip and the engagement strip are open (i.e., are not held). Thus, there is potential 
for material to flow out from between the piezoelectric strip and the engagement strip. As a 
result, as explained on page 6, lines 21-28 of the original specification, a first requirement of the 
substance is that it must be sufficiently viscous or solid so as to remain in the space due to the 
open sides. In view of the particular requirements of the substance due to the unique 
arrangement of the present invention, it is submitted that the particular substance would not be 
obvious. Consequently, the Examiner is requested to apply a specific reference that teaches each 
of the elements recited in the claims, including the substance filling the cavity. 

In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. However, if the Examiner should have any comments or 
suggestions to help speed the prosecution of this application, the Examiner is requested to 
contact the Applicant's undersigned representative. 



WDH/akl 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
October 22, 2007 



Respectfully submitted, 




W. Douglas Hahm 
Registration No. 44,142 
Attorney for Applicant 
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PIEZOELECTRIC VIBRATION SENSOR 
BACKGROUND OF THE INVENTION 

The present invention relates in general to sensing of mechanical vibrations, possibly i 
form of sound or ultrasound, by means of one or several sensor units having a piezoelectric foil 
as a signal-delivering element. More in particula r particularlv . the invention relates to a sensor 
unit of the gen e ral typ e stat e d in th e pr e ambl e of th e app e nd e d claim l for picking up 
mechanical vibrations, sound, and ultrasound . In further aspects, the invention relates to a 
vibration detector array of th e g e n e ral typ e stat e d in th e pr e amble of claim 12, and a vibration 
d e t e ctor array of th e g e n e ral typ e stated in th e pr e ambl e of claim 1 4 with a plurality of sensor 
units . Finally, the invention relates to uses of such vibration detector arrays. 

Particularly within the art of auscultation, i.e. the art concerning listening for sounds generated 
in living bodies, for instance heart sounds, many different sensor types have been developed for 
use by e.g. a doctor, for examination purposes. In this connection, it is r e ferr e d reference is 
made to previous patent publications regarding auscultation and sensor technology belonging 
to the owner of rights to the present invention, see for instance Norwegian patents 300250, 
304870 and 306926. The present invention is primarily directed to this type of examination, 
and aims particularly at being able to prepare a mapping of an area in a living body on the basis 
of a matrix investigation^-h^7 . In other words, sound/vibration picked up by plural sensors, is 
converted to separate signals to be led into a computer that provides systematizing of the 
sound/ultrasound image in order to prepare a composite mapping of the sound that is received 
from a large area, for instance an area of the back of a person, or a chest area. 

But, in addition to the above, there are also industrial areas of use. For instance, it is possible to 
undertake a vibration analysis of underlying structures by means of a sensor matrix laid down 
on a metal surface of a machine construction or similar device. 




However, the invention does not concern signal processing or algorithms in connection 
therewith, but deals with special sensor elements intended to be included in larger sensor 
groups or arrays, possibly sensor matrices, and the composition of such sensor groups. 



SUMMARY OF THE INVENTION 

Hence, in a first aspect of the present invention there is provided a sensor unit for picking up 
mechanical vibrations, sound and ultrasound, having at least one piezoelectric foil strip (piezo 
strip) as a sensor elementr-th e. The piezo strip having has signal wires attached for exporting 
electric signals representing vibration, sound or ultrasound being picked up. The sensor unit in 
accordance with the invention is characterized in that the piezo strip is, at two opposite ends, 
held in fiat support parts, and in that at least one furth e r engagement strip for receiving 
vibrations and propagating them to said piezo strip is held in the same support parts so as to 
extend in a curved manner along the piezo strip, thereby to provide at least one space between 
the strips. 

In a preferred embodiment of the invention, the support parts are separate support pieces 
having holding details for the strips, for instance pockets. 

In another preferred embodiment, the sensor unit comprises two such further engagement strips, 
one outside each flat side of the piezo strip. 

The further (engagement) strip/strips may be a little stiff, and will then automatically tend to 
stretch the piezo strip. Also, the furth e r engagement strip/strips may be held loosely in at least 
one of the support parts, by being inserted into a pocket. 

In an important embodiment of the invention, the space between the piezo strip and the furth e r 
engagement strip is occupied by a substance with the ability to transfer pressure, for instance a 
silicon substancer4he . The piezo strip and the ferthe^ engagement strip being-are substantially 
symmetrically curved outwards centrally to bound the substance. 

In another embodiment of the invention, the support parts are constituted by welding rims for a 
bubble consisting of two semi-ovoid foil pieces, and the at least one farthef- engagement strip 
constitutes at least one of the two foil pieces. The piezo strip may then be arranged outstretched 
in the space right in between the two foil pieces. In addition, the piezo strip may be attached 
along the whole welding rim, thereby to constitute a boundary between two closed spaces. At 
least one of the two closed spaces may be filled by a substance having the ability to transfer a 
pressure. One of the substances may have a hardness value of the same magnitude as body 
tissue in an area in and under the skin in a topical listening area on a human body or animal 
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body. 



In another aspect of the invention there is, as mentioned in the introduction, provid e d a 
vibration detector array comprising a number of sensor units arranged in a substantially plan e 
planar a x b-matrix with a units along one direction and b units along a perpendicular direction 
in the plane, and with separate signal wires going out from each separate sensor unit. The 
vibration detector array according to this aspect of the invention is characterized in that each 
sensor unit is constructed such as stated in any one of the above embodiments that do not relate 
to a bubble shape, and that each sensor unit is attached in a common surrounding frame. 

The frame may then be designed with b parallel openings, in which openings a- of the sensor 
units are mounted by means of a common support piece constituting a boundary edge for each 
opening, for one end of the a sensor units, while the other end of each one of the a sensor units 
hangs freely in the opening. 

In accordance with a further aspect of the invention, there is provided a vibration detector array 
comprising a number of sensor units arranged in a regular and substantially plane- planar 
configuration, and with separate signal wires going out from each separate sensor unit. The 
vibration detector array according to this aspect of the invention is characterized in that each 
sensor unit is such as stated in one of the above mentioned embodiments with ajwbble design, 
and that a plurality of bubbles are arranged in close juxtaposition, with welding rims that are 
common for neighbour neighbor bubbles. 

In accordance with even-one further aspect, the present invention comprises a use of at least 
one vibration detector array such as stated in the previous sections, as a part of a piece of 
clothing that can be worn by a person for carrying out a mapping auscultation examination. 

A further aspect of the invention comprises a use of at least one vibration detector array such as 
stated in the previous sections, as a mat or a belt for industrial vibration pickup analysis, the 
mat/belt being equipped with suitable means for attachment. 

A BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention shall be described in closer detail by going through some 
exemplary embodiments, and in this connection it is r e ferr e d reference is made to the appended 
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drawings, of which; 

Fig. 1 shows- is an elevation view showing a basic embodiment of a sensor unit in 
accordance with the present invention, as seen laterally in cross section with a piezo-foil strip 
and a plastic strip, 

Fig. 2 shows, in a corresponding manner as-mto Fig. 1, an embodiment having a central 
piezo-foil strip and plastic strips on both sides of the piezo-foil, 

Fig. 3 shows, in a corresponding manner as-mto Figs. 1 and 2, an embodiment with a 
plastic foil strip together with an outwardly curved piezo-foil strip and a silicone substance 
between the foils, 

Fig. 4 shows, in a top view, an example of the appearance of a sensor unit in accordance 

with one of Figs. 1 and 2, 

Fig. 5 shows an example of the attachment of strip ends in an end piece for a sensor unit, 

enlarged and in a view from the side, 

Fig. 6 shows how a number of sensor units may be arranged in matrix shape in a frame, 
Figs. 7a and b show an alternative manner of attachment for sensor units in a frame, 
Fig. 8 shows an embodiment with a sensor unit of a_bubble type, with a piezo-foil strip 

centrally arranged and air inside the bubble, in a perspective view and with one half of the 

bubble cut away, 

Fig. 9 shows, in the same manner as Fig. 8, an alternative bubble embodiment with a 
substance on one side of the piezo-foil strip and air on the other side, 

Fig. 10 shows another bubble alternative with substances on both sides of the piezo-foil 

strip, 

Figs. 1 1 a and b show sheets containing bubble collections, 

Fig. 1 2 shows, in a sectional side view, a bubble sheet with extra equipment in the form 
of an inflatable sound barrier pad and external cladding sheets, 

Fig. 13 shows, sketch-like, how bubble sheets or sensor unit matrix frames can be 
arranged in pieces of clothing, and 

Fig. 14 shows a belt-shaped sensor mat for industrial applications. 

DETAILED DESCRIPTION OF THE INVENTION 

Jfl-Fig. 1 app e ars illustrates a first and basic embodiment of the invention, namely a sensor unit 
with a piezoelectric foil strip 1 that is attached at both ends m-to_fiat support parts 3 that 
constitute end pieces. Anoth e r An engagement strip 2 extends along piezo strip 1, and in the 
embodiment shown, strip 2 is a lithe longer than piezo strip 1, so that the center of strip 2 bulges 
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a little outward c e ntrally . Strip 2 can also be attach e d fixodlv fixed at both ends 4n-to the support 
parts 3-a4se, but they-it_may equally well simply be inserted into a pocket (6, see Figs. 4 and 5) 
in the support parts, at both ends or at one end. 

The piezo-foil strip 1 may for instance have external measure measurements of 6x1 cm 2 , these 
values not constituting any limitation, and the foil itself may be delivered off the shelf. A 
typical foil thickness may be in the range 28-56 ^m, however these values shall not constitute 
any limitation. 

The furth e r engagement strip 2 may also be a thin foil, preferably a foil that is a little stiff, 
unless the space between the two strips 1, 2 is occupied by a substance (see below). Such a foil 
strip 2 can be made of a plastic material, possibly a rubber material, a thermo foil, a textile 
material or another material. 

The mode of operation for the sensor unit is that the furth e r engagement strip 2 is brought te 
into engagement with the surface of a body to be listened to, and sound/vibrations in the body 
may then propagate to the piezo-foil 1 in two ways, depending inter alia on for example the 
stiffness of the further engagement strip 2. Firstly, sound/vibration may propagate right 
through the farther- engagement strip 2 to reach piezo strip 1 directly , and s e condly . Secondly , 
vibrations that are transmitted to a stiff further engagement strip 2, may cause a vibrating 
tension in piezo strip 1 via the support parts 3, which support parts are then vibrated toward 
each other and apart by strip 2. For instance^ when listening to machine parts, it is possible to 
use a rather stiff and curved aluminium plate of e.g. 1 mm thickness as engagement strip 2 in 
the sensor unit. (Numerical values and material specifications are stated only as non-limiting 
examples.) 

Signal wires from piezo strip 1, i.e. one wire from each side of the piezo-foil, are tak e n lead out 
through a support part 3. In the embodiment shown, the support parts 3 are relatively stiff, flat 
and made from an electrically insulating material, for instance a casting material like plastic 
(for example polyurethane), glue, e^stiff cardboard, gore-tex, plaster/tape, OLpossibly two 
metal layers with insulation there-between. Piezo-foil strip 1 is attached to a ^each support part 3 
by clenching, gluing or attaching in a similar manner, two flat parts of the support part, with the 
piezo-foil pinched therebetween. 
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tfl-Fig. 2 app e ars illustrates a second embodiment of the sensor unit in accordance with the 
invention. The only difference relative to the embodiment shown in Fig. 1, is the provision of 
an extra engagement strip 2' on the other side of piezo strip 1, in such a manner that the 
configuration becomes symmetrical if strips 2 and T are made from the same material and have 
the same length. However, this embodiment shall not be limited to a symmetrical construction^ 
but with . With a symmetrical configuration, however, any one of the two sides of the sensor 
unit can be chosen for engagement with the body to be listened to. It is also obtain e d that 
frieze Piezo strip 1 can also be tensioned by applying a pressure to the outer strip (e.g. 2') that 
does not engage the body to be listened to. 

in-Fig. 3 app e ars illustrates a somewhat different variant of the sensor unit in accordance with 
the invention. In this case, a piezoelectric foil strip V and a furth e r an engagement foil strip 2 are 
both fixedly fastened in support parts 3, and in between them a silicone substance 4 has been 
loaded, to keep the two foils \\ 2 apart such as shown in the drawing. The silicone substance 
can be replaced by some other substance having at least an equally high viscosity and similar 
pressure transmission characteristics, i.e. a substance that is equally solid or an even more solid 
substance. 

It must be noted that in the embodiments as shown in Figs. 1, 2 and 3, the sensor units are, as a 
starting point, open at the sides^ (i.e.^ in a direction out of and into the drawing sheet). This 
means that in the embodiment of Fig. 3, the substance 4 must be sufficiently solid not to flow 
out at the sides of its own accord. (In the embodiments in Figs. 1 and 2, there is only air 
between the strips.) But the embodiments of Figs. 2 and 3 will also lead in a natural manner to 
closed embodiments, i.e. bubble-shaped embodiments that will be discussed below. 

itt-Fig. 4 app e ars illustrates a sensor unit in accordance with Fig. 1 or Fig. 2 in a view from 
above, and the same reference numerals are still used for the same elements. Reference 
numeral 5 d e signate designates signal wires gewg- leading out from the piezo strip, reference 
numeral 6 designates insertion pockets for fafther -engagement strips 2, 2\ and fastening areas 
for piezo strip 1 are designated by reference numeral 7. 

Fig. 5 shows, enlarged and in partial elevation , a support part 3 with anjnsertion pocket 6, a 
fastening area 7 and engagement strips 2 and T entering pocket 6. In this embodiment^ appear 
two- two piezo strips 1 that-enter support part 3 and are fixed in area 7. The purpose of using 
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several piezo strips at the same time ? is to change the capacitance and to obtain other signal 
strength values. 

As mentioned in the introduction, a main purpose of the sensor unit in accordance with the 
invention is to constitute part of larger groups of such units. Fig. 6 shows one example among 
many possible ones, both with regard to number and array structure, of an_arrangement of a 
number of sensor units in a two-dimensional array 10, for use in computer-assisted auscultation, 
with sound recording from a body through a large surface area. In the example, a frame 8 
appears, in which frame ^0 -there are arranged thirty sensor units in accordance with one of the 
previously mentioned embodiments, and the sensor units are arranged in a regular 5x6 matrix 
array. In the shown embodim e nt embodiment shown , each sensor unit has an end with a 
separate (individual) support part 3 "hanging freely" in an open space in the frame, while all six 
sensor units in one such open space are attached to one and the same e longate elongated 
support part 3' that constitutes a cross-arm internally in frame 8. Hence, frame 8 contains four 
internal cross-arms 3' of this type, and additionally, the lower frame edge is also a common 
support part 3' of this type for six sensor units. It appears also that signal wire pairs 5a, 5b, 5c 
exit along the support parts 3', i.e. one pair from every single sensor unit. 

Such a sensor array sheet 10 can be laid engagingly toward a surface to be listened to, or 
attached thereto, or it can be sewn or welded into a garment or a garment part that is suitable to 
be slipped onto or attached to the body of a patient for auscultation examination, see Fig. 13. 

In-Figs. 7a and 7b app e ars illustrates an embodiment that is a little different from the 
embodiment shown in Fig. 6, namely in the fact that each sensor unit is attached fixedly to 
frame 8' at both ends T (i.e^ the support parts 3' are in this case common "everywhere" to six 
sensor units arranged in a row}. Thus, in Fig. 7a, appear s one such row of sensor units is shown 
in accordance with one of the previously mentioned embodiments, how e v e r but in this case the 
sensor units are arranged with common support parts 3' at both sides. For the rest, the reference 
numerals in Fig. 7a designate elements in a corresponding manner as previously. 1«-Fig. 7b 
appears illustrates a complete frame 8' merely with indications (actually insertion pockets 6) of 
seating locations for single sensor units in the frame. Hence, in this case.^ the piezo strip of 
every sensor unit will be attached fixedly to the frame at both ends. 

In the embodiment appearing in Fig. 6, i.e. with sensor units that are free at one end, an outer 
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pressure will be necessary to provide good signals from the listening object. In comparison, the 
embodiment shown in Fig. 7 provides a frame-bound support of single sensors, and it can be 
used with precision for monitoring a certain area, since the sides of the frame represent the 
pressure (i.e. through the selected pressure of the frame sides against the surface of the listening 
object when the frame is attached/fastened). 

As previously mentioned in connection with Figs. 2 and 3, th e r e is not a long distance to an 
alternative embodiment that-is of a type that is closed laterally. in-Figs. 8, 9 and 1 0 appear 
illustrate alternative but related embodiments of sensor units in accordance with the invention, 
which sensor unit embodiments are suitable to constitute parts of larger "bubble sheets". A 
sensor unit of the simplest bubble type appears in Fig. 8 ? £i.e. a Fig. 8 shows a su bsection of a 
bubble in a perspective view). The bubble consists of two distended (inflated) bubble halves 12 
meeting along a welding rim 26 that defines an oval/elliptical opening in a plane -planar sheet 
1 1. A piezo strip 1 of the same type as mentioned previously, is attached at its two ends in 
welding rim areas 13 in sheet 1 1, and extends across the oval/elliptical opening in the sheet. 
Hence, above and below the opening in sheet 1 1, which opening contains a cross-over piezo 
strip 1, curved strips 12 rise in the form of bubble halves delimiting a closed space surrounding 
the piezo strip 1. Inside the space there is air or possibly some other gas. 

In Fig. 9, a substance 9 has been brought in at one side of piezo strip 1 in a bubble shaped 
similarly as-to that shown in Fig. 8, and in a similar manner as -to that shown in Fig. 3. Further, 
in Fig. 10^ substances 9, 9' have been laid in at both sides of the piezo strip. The substances may 
be silicone substance, a gel, rubber or a metallic material. (In the last mentioned case, it must be 
mentioned that it is not possible to use an electrically conducting substance on both sides of the 
piezo strip, because of the possibly of short-circuiting the piezo foil.) 

As previously mentioned, the substances should not be too "thin" (i.e., they should be 
sufficiently solid) , so that they will stay at respective sides of the piezo strip even though the 
strip does not divide the bubble space in two closed halves. It should be noted, however, that 
the piezo strip may be shaped with a lateral extension in the central part, in order to better cover 
b e tter the sheet opening (see the shape in Fig. 1 lb). At th e s e t out the The central area of the 
piezo strip must be free, in order to obtain a good signal from the strip. Therefore, attachment of 
the strip 1 to the side edges can normally not be made without at the same time having precise 
control over the elastic characteristics of the bubble wall. But in such an embodiment, it will be 
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possible to separate the two substances completely, and then it will be possible to us e also also 
use more "thin" substances, possibly also different gases at each side of the piezo strip. 

tft-Fig. 1 la app e ars illustrates an assembly of single bubble sensor units in a sheet 1 1 of larger 
size, however not larger than two by three bubbles. Fig. 1 lb shows an equally large bubble 
sheet 1 1, in which the separate piezo strips 1" have an extended central part with a side edge 14 
that curves out toward the side edge of the opening/the bubble wall. But a small clearance stUl 
remains between strip 1" and the bubble wall in this case. 

ift-Fig. 13 appea l llustrates t wo examples of garments or garment-like units, into which unit 
bubble sheets or sensor matrix sheets can be built in built . A person 21 in the figure wears in an 
upper position a vest 22 having a bubble sheet or a sensor matrix sheet 23 attached therein, and 
another embodiment in the form of a thigh bandage 24 is also equipped with a matrix 25 of 
sensor units. This may be a matter of auscultation regarding heart or lung function using the 
vest 22, and of listening to an artery with the bandage 24. A gathering cable (not shown) will 
carry signals to a (not shown) computer that interprets the signals and generates a suitable 
display. Simpler types of garment garments can be of interests-it. It is for instance possible to 
provide mat or belt shaped garments that has -have a sensor bubble or sensor matrix sheet across 
a substantial part of rts -their surface. Such mat/belt shaped garments may then have attachment 
means in the form of elastic areas with velcro. 

Fig. 12 shows, in a sectional view through a bubble sheet, various extra equipment that is 
possible and that may be of interest in connection with auscultation examinations. Reference 
numeral 20 designates the topical listening object. A sound-transparent material, for instance 
silk fabric, synthetic fabric, or cloth, is shown by reference numeral 15, and forms a surface 
between the actual bubble sheet 1 1 and the object 20. On the outside (underside) of the bubbles, 
inflatable/fillable pads or fields 18 are arranged, with a valve 19. A number of bubbles can be 
covered by such a pad, which has for its purpose to provide shape adaptation against a body or 
similar. Reference numeral 17 designates a noise barrier layer. This may relate to screening 
against incident electromagnetic radiation, and electrically conductive material is then used T 
but it _jt may also be of interest to screen against external sounds/vibrations, and then a 
sound-absorbing substance will be used, for instance felt or similar. It may be of interest to use 
both types of screening at the same time. Finally, layer 16 constitutes an outer cover, which 
may be related to design, and which may consist of for instance a textile, oil skin, goretex or 
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other material. 

As regards types of substanc e substances that should possibly be used in bubble sheets, an 
embodiment of interest would be that the bubbles in the half that faces e.g. a body part to be 
listened to, contains a substance having hardness (i.e. "Shore"-number) adapted to the hardness 
of the body tissue in and just under the skin, in order to obtain adaptation with regard to 
acoustic impedance. In the outer half of the bubbles, air might be chosen. Such a configuration 
makes it easier to separate sound (noise) received from the surroundings, from the signals of 
interest. 

Jn-Fig. 14 app e ars illustrates an example of an industrial "belt" or "mat" embodiment of a 
sensor matrix sheet or bubble sheet, or actually a bubble sheet which has been drawn in the 
shape of a belt 27. Belt 27 is equipped with an attachment means device 28 which in this case is 
an elastic area with velcro, but an attachment m e ans device in the form of bands, hooks, buttons 
etc. can be provided in topical cases. The belt/mat shall be strapped down to a construction part 
in order to make it possible to listen through an engagement surface, with regard to 
sound/vibration analysis of underlying structures. 

Finally, it should also be mentioned that the possibility exists to provide sensor matrix sheets 
and bubble sheets with a further combination effect with regard to auscultation examination of 
a patient. It will actually be possible to combine in-electrodes for engagement directly against 
the skin surface of a patient, for instance on 5-6 special sensor elements among 40-50 elements 
in a sheet, in order to make a simultaneous ECG examination. This means then that, as 
previously mentioned, the strip 2 in these special sensor units may be of metal, and connected 
in a special manner for transporting out electrical signals received from the body. In the case 
with bubbles, the special sensor bubbles intended for the ECG, may then have metallization or 



an electrically conductive substance in one half of a bubble, further transport transmission of a 
signal may then possibly be effected through this conductive substance, or separate wiring may 
be arranged. 




:hrough electrodes for contacting the skin. In the previously mentioned case with 
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ABSTRACT 

A sensor unit for picking up mechanical vibrations, sound and ultrasound has at least 
one piezoelectric foil strip (piezo strip) (1; 1'; 1") as a sensor element. The piezo strip has 
signal wires (£)-attached thereto for transporting out electrical signals representing vibration, 
sound or ultrasound that feas- have been picked up. The piezo strip (1; T; 1") is, at two opposite 
ends, attached in-to flat support parts (3; 3'; 13) , and at least one furth e r engagement strip (2; 2'; 
4-3)-of for instance plastic material is attached in the same support parts to extend in curved-out 
fashion along the piezo strip, thereby to provide at least one space between the strips. Several 
sensor units can be mounted together in a frame to constitute a sheet with a sensor matrix. Such 
sensor matric e s can b e us e d in comput e r assist e d auscultation on patients, or for sensing in 
ord e r to pr e pare a vibration analysi s of machine and construction parts. 



il 



